el
SECTION 1: TO BE COMPLETED 8Y THE AUTHOR Professional Paper Clearance Request

QLEBHE - PR- £S-007

Author(s) Mame - Please Type Employee No(s) Extension
Franz Gross

Title of Paper/Speech

Relativistic Desecription of Few Body Systems

Trieste, Italy

Presentation to (Society/Meeting) Date of Presentation -
Second Workshop. on Perspectives in Nuclear Physics at Intermediate Energies
Publication fn (Mame of Journal . Est. Date of Publication
Proceedings 1985

Location

Invited Paper Refereed Paper Classification of Meeting/Publication
Gx) YES ( ) MO ( )} Yes ( ) wo unclassified

Dexdline by Which Approval s Needed

Sponsoring Agency and.Point of Contact for Meeting

Meeting Coordinator (Who Called for the Paper) and Organization

Contains Proprietary or Patentable Information
C ) ves () wo

Contract No(s) for Which the Work was Done

Sivmture-ufm%w Cate ?[//
[

CSECTION IT: REVIEWS (Stgnatures indticate the material has been reviewed. Additional comments may

be offered below)

Supervisor Date

"9 fe)

i ] §#

T TN ST,

Mare



W AR "*]")

~CEBAF-PR-85--007 YWC3
Franz Gross

Relativistic Descri\dy Systems

mmRdaA

05920000940428
RELATIVISTIC DESCRIPTION OF FEW BODY SYSTEMS

Franz Gross
Continuous Electron Beam Accelerator Facility

12070 Jefferson Avenue

Newport‘ News, VA- ‘236&)6

and

Depariment of Physics

College of William and Mary
Wiliamsburg, VA 23185



RELATIVISTIC DESCRIPTION OF FEW BODY SYSTEMS

Franz Gross
Continuous Electron Beam Accelerator Facility
12070 JeffTerson Avenue
Newport News, VA 23606 USA

In this talk I will discuss how relativistic meson theory is dev
loped and applied to the electromagnetic description of the two nucls
system. These techniques are belng extended to the three body systen
and very similar methods have been applied to nuclear matter, but I
will not review this work here.

It is no longer possible to regard relativistic meson theory as
fundamental. I view It as a consistent relativistic theory of effec-
tive interactions between selected quark clusters, which are treated
structureless particles. The emphasis 1s on the words "consistent” -
"relativistic.® This means that I will insist that the theory be mar
festly covariant at every step (which means that I will not discuss
approaches based on time-ordered perturbation theory), and that the
electromagnetic current operator J¥ and the relativistic fpotential®
or kernel ¥ be consistent with one another. Some attempt is made to
allow for the structure of the mesons and nucleons by inserting pheno
menological form factors at the vertices and, in some cases, using
simple phenomenological functions for self energies (which, strictly
speaking, spolls the consistency), but the basic equations of the
theory are obtained from a Langrangian for point-like mesons and nu-
cleons. The justification for using such a theory today is that it
gives a calculable theory of nuclel which employs the degrees of free
dom most apparent in nuclear physics, and which through detailed com-
parison with experiment can help us uncover those phenomena which re-
quire the explicit use of quark degrees of freedom.

I will begin with a discussion of how relativistic equations can
be developed from a consideration of the summation of infinite classe
of diagrams. Section 2 will summarize some applications of relativis
tic few body equations, including a brief account of some recent fits
to the nucleon-nucleon phase shifts not yet published. Then, in Sec-
tion 3, I will review some applications involving electromagnetic in-
teractions.

1. RELATIVISTIC WAVE EQUATIONS
1.1 Types of Equations

Relativistic equations can be written in the following very gen-
eral form

HreV+ VGM (1)
where M 13 the scattering amplitude, U is the kernel or relativistic




b b b ma

73

potential, and G the propagator. If V is in some sense small, Eq. {1}
can be solved by iteration as shown diagrammatically in Fig. 1 for two
particles. The equation can be regarded as a means of summing a gener-
alized Born series, or summing an infinite number of diagrams. If V is
small, the solution to (1) will not differ significantly from taking V
alone. However, when V is large, the Born series will not exist, but
the solution to {1} will. In this sense relativistic equations enable
us to treat non-perturbative problems.

FIGURE 1

Bound state wave functions can be obtained from the residues of
the bound state poles of M. Near the bound state pole at HB'

rip)rt(p*

g - v

where p and p' are the relative 4 momenta of the final and initial
state respectively, W is the total CM energy, and R is a remainder
function regular at M°. Substituting (2) into (1) one can obtﬂn both
the bound state wave “equation and the normalization condition

H(pp', W= + R {2)

[ «V6T (3
1= [r* (& ¢y )
aw? aw?

The relativistic wave function ¥ is related to the vertex function I'
by

¢ = 6T
T-yv (5)
To find the relativistic kernel V from an infinite class of dla-
grams, one must first decide on what class of diagrams to sum, and

then introduce a scheme for organizing the sum., I will assume that
the smallest class of diagrams which will describe the dynamics




r

-y

74

adequately is the sum of all ladder and crossed ladder Feynman diagrams
{with form factors at the vertices and on the propagators). 1in parti-
cular, it is known that crossed ladders make important contributions,
and therefore the ladder sum alone 1s certainly not adequate. If par-
ticle production and inelasticities are to be treated explicitly, a
larger class of Feynman diagrams including self energy contributions is
almwost certainly necessary, but for elastic processes the ladder and
crossed ladder sum may be sufficlent. This sum, wp to 6th order in the
coupling constant, is shown in Fig. 2 for the-case of two heavy nu-
cleons exchanging a light meson. The ladder diagrams are (2}, (b}, and
(d); all others are crossed ladders.

The way in which this sum is organized now depends on how the two
body propagator G ia defined. In the most genera)l case, the propagator
G is constrained according tc some covariant prescription so that it
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FIGURE 2

depends on only the relative 3 momentum instead of the relative 4 mo-
mentum. The advantage of such an approach is that the number of free
variables is thereby reduced, making the resulting integral equation
simpler to solve and easier to interpret. The kernel V corresponding
to the constrained G is then the sum of all diagrams which cannot be
obtained by iterating lower order kernels as shown in Fig. 1 (where
the constrained propagator is represented by a vertical dotted line
cutting the two nucleons). Hence the precise definition of V depends
on the definition of G. The kernel up to 4th order is shown diagram-
matically in Fig. 3. The first diagram (3a) ls the one boson exchange
(OBE) contribution, the second (3b) is the difference between the full
box diagram and the first iteration of the OBE, which is called the
subtracted box, and the third {3c} is the crossed box. If the uncon-
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sr.raé?ed 2 body propagator 1s used, as in the Bethe Salpeter (BS) equa-
tion<!, then the full box is obtained after one iteration of the OBE,
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so the subtracted box is zero. With constrained propagators, the full
box 1s not obtained after one iteration, -so the subtracted box must be
added. In 6th order subtracted boxes and subtracted crossed boxes
coming from Figs. (2d-f) must be included in the kernel as well as the
fully crossed ladder diagrams {2g-1), and so on to all orders. What
the relativistic equation has done for us is to replace the full sum in
Fig. 2, which certainly does not converge for large coupling constants,
with a sum like that shown in Fig. 3 for the kernel. The procedure
will only work if the sum for the kernel converges rapidly. Before I
discuss this important issve, I will review a pumber of popular cholces
for the propagator G.

Four: choices of G are summarized in Table I. The BS equation con-
serves 4 momentum in the intermediate state, so it remains on the
energy shell defined by Po = W, where W 1ia the initial energy of the
two body system and P is™ the total energy in the intermediate state
{both in the CM syaten‘.‘ This leaves all four components of the rela-
tive 4-mpomentum, p = %(p - pzl. unconstrained. Alternatively, if we
restrict ?ne particle to its"positive enerw mass shell (say par-
ticte 2)3)  then P = W and p,, = 2 . 2 | Ep fixes the relative

énergy in a covar.i.ant. way
1
po =2H - EP

leaving only the three components of T as free variables. If we wish
to restrict both particles to their mass shells, we must drop the re-
quirement that P = W, or go off the energy sh 11. One way of doing
this was developed by Logunov and Tavikhelidze?! and by Blankenbecler
and Sugar5); a variation of this method 1s due to Todorovb!. An ad-
vantage of this approach 1s that the number of spin degrees of freedom
is reduced because both particles are on shell and hence have only two
spin degrees of freedom. Finally, the light front equationl! comes
comes from a dig{erent approach in which field theory 1s gquantized on
the 1ight front®’, which loosely speaking refers to quantizing flelds
at equal values of T = tex (the velocity of light c is taken equal to
unity and x can be any one of the three directions in space). The
variable conjugate to T is p_= E - Py which now plays a role similar
to that usually played by the energy, ¥so that this approach bears a
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close formal resemblance to old fashtoned time ordered perturbation
theory, where all particles are on the mass shell, but intermediate

Table I
Relativistic Two Body Equations

- Name .- Description-of _ | Number of Variables
G - Momentum |. - Spin
Bethe-Salpeter On energy shell
{BS) Both particles off : .
i mass shell 4 4 x4 =16
Particle 1 off shell On energy shell
(61) One particle off mass
shell 3 2xh =8
Blankenbecler-Sugar Off energy shell
Logunov-Tavkhelidze Both particles on mass
(BSLT) shell 3 2x2=4
Light Front orf p = E - Py shell
(LF}) Both particles on mass
shell 3 2x2 =4

states are off the energy (p in this case) shell. However, while
there is a formal resemblance between T ordered diagrams and time
ordered diagrams there 1s a profound difference which cannot be over-
emphasized. The t ordered formalism Is manifestly covariant at every
step while time ordered perturbation theory breaks covariance. This

is related to the fact that T is invariant under boosts in the x direc-
tion, while t is not. A disadvantage of the light front formulation is
that it breaks manifest rotational invaglance. Several authors have
used LF technigques in recent years.9'12

The extension of relativistic equations to more than two bodies is

a subject of increasing importance. All of the equations mentioned
above can be extended but the BS equation has 4 (N-1) integration
variables while the constrained equations (in common with non-relati-
vistic equations) have only 3 (N-1). It is important that any n body
system of n<N particles must be dynamically independent of the others
When the others are beyond the range of forces. A serious deficiency
of the BSLT equation is that it does not satisfy this requirement.
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1
‘slowski and Weber 3) have shown that the three body LF equation

' sfies the cluster property, and it has recently been shownl4)
the three body generalization of the GI equation also has this

erty.

1 wish to emphasize that the constrained equations should not be
wrded as an approximation to the BS equation. From a relativistic

t of view, all of the equations are equally good starting points

the question of which-equation is “best™ will depend on-other cri-

a, such as how rapidly the series for the kernel converges . IR

1.2 Convergence of the infinite series for V - ..

I now want to discuss the convergence of the infinite series for
he first three terms of which are shown diagramatically in Fig. 3.
he terms in the 2nt? order kernel cancel among themselves, making
full 2nt" order kermel smaller than a typical 2nth order teram,
onclude that the series for V converges more rapldly than if no
ellations were present.

As an example of how these ideas work, consider the case of a
it particle m interacting with a very heavy, neutral scalar particle
It has been known for many years!5) that in the limit as M»= the
‘ers and crossed ladders cancel in such a way that the total result
be obtained by iterating the OBE kernel with the heavy particle re-
cted to its mass shell (other constrained prescriptions also work;
M they are equivalent to putting the heavy particle on shell).
means that the irreducible kernel reduces exactly in this limit

—
— :'
el
FIGURE 4

3E as shown in Fig. & (there the x means the particle is on-shell}.
erms of the diagrams shown in Fig. 3, it means that the subtracted
and the crossed box exactly cancel when M+=. Furthermore, the
cancellation takes place in every order, leaving the OBE to give
axact relativistic one body equation for the light particle m

ac if m has spin w, Klein Gordon if m has spin zerd moving in an
wntaneous potential.

Unfortunately, the BS equation does not have a one body limit in
sense. In the BS equation, the subtracted box 1s exactly zero,
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leaving nothing to cancel the contributlons from the crossed box. This
happens in every order, so that the BS kernel in the M= limit remains

an infinite sum.

When both particles have spin, or when the heavy one is charged,"

such general results have not been proved, but may very well be true in
For example, the cancellatlon has also been served to

some cases,
work 1n &4tD order for two spin % particles in 0en.3;16-17) e céncel-

lation also occurs in 4t orderfor two heavy spin 3 nucleons exchang-

ing psuedoscalar, isovector ploms, provided the n-N *gier;act.:lon‘ls
treated in a manner consistent with chiral symmetry. -

While a study of the rate of coanvergence of the infinite serles
for V suggests that the Bethe Salpeter equation is not optimal, the re- ’
sults do not clearly distinguish between the three-dimensional equa-
tions described in Table I. The choice of propagator depends on other
considerations as much as it does on questions of convergence. My own
preference for the choice which puts all particles on shell but one is
illustrated in Figures S and 6. The dominant contribution to the tri-
angle diagram which contributes to the deuteren form factor is cbtalned

Lo
> Lo

FIGURE 5

if one restricts the spectator to its mass shell, a3 shown in Fig. 5a.

This is the relativistic lmpulse approximation (RIA). A similar con-
sideration shows that the dominant contribution to the single scatter-
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diagram in p d scattering also comes from the process in which the
‘ctator is on shell (Fig. Sb}. Examination of three body scattering,
+d as a succession of two body interactions, leads to the same con-
slons. Figure 6 shows how the three body amplitude is driven by a

body amplitude in which only one nucleon in the tnitial state and

in the final state is off-shell, and slnce the spectator isx always
shell, it is obvious why this three body equation satisfies the

ster property.

The above discussion may suggest that the prescription of placing
spectator on-shell is an approximation to a more exact procedure
ich it is allowed to be virtual. As in the case of the BS equa-
n, I believe that this is not the case, and that diagrams in which
spectator 1a on-shell should be viewed as the first ters in a well
ined series of approximations which are expected to give the exact
i1t when sumsed to all orders.

Unfortunately, no approach to the relativistic problem seems to be
wut disadvantages. If one nucleon is restricted to its mass-shell,
we wish to retain the Paull principle for identical nucleons, then
wst aptisymsmetrize either the interaction or the propagator expli-
iy. This means that, in the one boson exchange approximation, we

include both of the diagrams shown in Fig. 7. While this is

(a) (b)
FIGURE 7

ightforward in principle, it introduces complications in practice
use the second diagram, Fig. 7b, has unphyaical singularities. It
pe shown that these singularities cancel when higher order contri-
ons are included, so one possible approach is to treat these
ularities as a principal value. Alternatively, one may redefine
in such a way that the singularities are absent, and this is the
sach taken in the work described below. Another disadvantage of
approach in which one particle is placed on shell is that the two
equation has spurious states for the case when the covariant mass
1e two body system 1s zero; while this feature is undesirable in
ziple, it introduces no practical problems.

2. APPLICATIORS OF RELATIVISTIC FEW PODY EQUATIONS

I will only discuss very briefly a few appllcations of these
; to calculations ol the bound state and scattering properties of
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few body systems.
2.1 The Two Nucleon System

Fits to the two nucleon phase shifts for energies below 300 MeV
have been obtained by Fleischer and Tjon'8! and by Zuilhof and Tjon'?!
using the BS equation in OBE approximation. These fits hsv? been ex-
tended to energles up to 1000 MeV by van Faassen and Tjon 0 ., who de-
scribe the inelasticity by including NA interwediate states, Fits to
the phase shifts below 400 MeV have alao been obtained by Gross and
Holinde using the G, equation?!}, and T vant to descrive theae new, un-
published results in a little more detall.

The relativistic kernel employed ipn Ref. {21) consists of an OBE
model with only four mesons: ¥, g, p, and w. {Instead of varying the
o mass and coupling constant, two sigmas of flxed masses at 350 MeV and
T60 MeV were chosen, and the couplings of each varied.) Form factors
were used at the meson-nucleon vertices, and 8 form factor was also
used with the off-shell nucleon propagator to improve convergence.
While only four wesohs are used, the number of parameters varied 1s
similar to that used in conventional OBE models with more mesons, be-
cause two mixing parameters were used which do not appear in usual
approaches. These are A and p, where A varies the fraction of y?
to Y>v¥ coupling at the wNN vertex!), and p varies the fraction or o™V
and PM couplings at the pNN vertex. The aNF and pNN couplings were de-
fined so that when the nucleéons are on thelr mass shell the coupling is
strictly independent of the value of the mixing parameter (for the pNN
coupling one uses the Gordon decomposition, which only holds on shell,
to transform oMV into PH). Hence, dependence of the results on these
two parameters iz a direct measure of the possible importance of off
shell effects, and we find that such effects are large. In fact it is
because of the splitting between the 15, and 35, phase shifts intro-
duced by the )\ dependence that we do not need the isovector-scalar
meson & in these fits,

Another novel feature of the G, equation employed in these rits is
that the off-shell Dirac nticleon has four spin states; two for its
positive energy state and two for its negative energy state. One can
separate the positive and negative enel?y *channels", giving a coupled
set of equations of the following form'

(2Ek - ") "i' = va-!- . v%—.*_
et —m (6)
W =V ¢ +V ¢

In Ref. (21) the approximation V™ = O was taken, yielding the "solu-
tion”

L
(23,‘-“)1.* = (v + -L"—ﬁﬁ)vp* ‘ (1)



thich shows how the negative energy channel, which makes no contribu-~
".ion to the asymptotic states, modifies the effective interaction at
hort range. To obtain Eq. {7) one uses the fact that the matrix po-
.ential in Eq. (&) is hermitian.
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aAnother novel feature of this treatment is the presence of virtuai

Wwrong" symmetry channels. These channels, which are symmetric under
ne interchange of three mcmentum and spin indices, are not forbldden
y the Pauli principle in a region of phase space where the relative
aergy p_ is not zero, but must vanish when p = 0 {t.e. when both
articles are on shell). It turns out that 1P 1s necessary to expli-
itly antisymmetrize the potential to guarantee that these channels
re really virtual (i.e. are zero when p_ = 0), and this has been

sne in Ref. (21) as discussed above. TRese effects are present only
ar partial waves where L-J. .
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The result of all these considerations is that the coupled equa-
tions (6] contain four channels for all partial waves, For partial
waves which are coupled by the tensor force in non-relativistic theory
le.g. 3S| -~ “Dy) there is a doubling due to the presence of negative
energy states. For partial waves which wvere formally uncoupled,” there
is both a doubling duc to the presence of negative energy states, and
due to coupling to virtual wrong symmctry channels. .

I now turn to a brief description of the results of Ref. (21).
Figure 8 shous the fits to the 'Sy, 35,-°p,, 3P, snd 3p, phase shifts
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below 400 HeV. The 30lid lines
are the it from Ref. (21), the
dashed lines are the latest rit
from Bonn, and the dot/dashed
lines are the fits from Paris.
The fits to the other partial
vaves are of similar quality.
We conclude from this that all
three of these models, which
treat similar physics in a rather
different way, can do equally
well in ritting the low energy
phase shifts.

By varylng the parameters in
the relativistic kernels in Ref.
{21}, or by varying the size of
the V* potentials, relativistic
and off-mass-shell effects can
be investigated. It has been
known for over ten years that a
sajor effect of the negative
energy channel is to provide re-

pulsion at short range” Figure 9, taken from Ref. (1), shows that
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adratic terms, which are the squared terms in the effective po-
1 'given in Eq. (7), are large and repulsive. As expected, we
e same effect in the actual fits to the phase shifts, as shown
. 10. In this figure the solid lines are the original fits, the
lines are the results when V¥~ z §, and the dashed/dotted lines
2 results when only Vi~ = 0. In the 150 channel there is no no-
le difference between these two cases. Note the strong isospin
adence of the quadratic repulsion, which is seen by comparing the
[ the effect in the 1S  and 350 channels. The figure also shows
e V*~ terms coming from mesons other than the pion are, in some
>f comparable importance to the large Vi~ contribution. One ef-
ilch is probably due to this repulsion is that the w coupling
nt which emerges from this fit is

2

Bw
in e g.52

+ similar to that obtained in Ref. (19), and considerably smaller
at needed in many non—mlatlvl;tic OBE fits.

«« effect of the codplihg to virtual wrong symmsetry channels for
; and 3Py partial waves is shown in Fig. 11, where the dotted

-
L
e
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 § 'y ] L -0 L L '] 1
e = e s - m e -0
L0V} [ 1]
FIGURE 11

ows the effect without the coupling. In these cases the

: at 300-400 MeV are well cutside of the error bars for the em-
phase shifts; in the 'P, case this coupling alters the shape
phase shifts in a helpful way and in the -D; case (not shown)
ides helpful repulsion.

it is one to conclude from all this? While it is somewhat
o say, it is my view that almost any equation with a sufficient
of bosons and about 10 parameters can be made to fit the HN
hifts below 400 MeV, This does not mean that the differences
relativistic equations are small, or that the relativistic
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effects themselves are small. In facl, such differences are known to
be numerically 1arge‘9-2“'. Rather, it appears that adjustments of 10
parameters can largely compensate for these differences. Since the
parameters have physical significance, the extent to which their ad-
justed values agree with values determined from other physical pro-
cesses could be a test of the validity of the equation. Perhaps a
better method 1s to see how well a given equation, "tuned" to the two
body problem, is able to describe the three body problem, nuclear mat-
ter, and other calculable systems. .

-

2.2 Other Systems

There is evidence that relativistic ‘effects increase the binding
of the three body asystem, reducing the discrepancy tween the calcu-
lations and observed binding. Coester and Wiringa found an increase
of 1.7 MeY for the triton binding and 4.3 MeV for the alpha binding,
and nupp26 , using a separable BS equation, found similar effects. Un-
fortunately, neither calculation can be regarded as treating the dyna-
mics in a realistic way. A fully relativistic treatment of the Lhree
body system, with realistic dynamics consistent with the two body prob-
lem, is needed. Such a calctf ?tion, using the three body version of
the Gy equation is possible. This approach satisfies the cluster
property, yields relativistic Faddeev equations with the same number
of momentum variables as the non-relativistic equation, and (as in the
non-relativistic case) can be reduced analytis:ally tc a two dimensional
integral equation for coupled partial 1-.'au.'esz-r .

l‘elativistic calculations of nuclear mat.t.er'za'zg), and the Wi sys-
tem’9! have also been carried out. These show interesting effects due
to relativity which I will not discuss here.

3. APPLICATIORS INVOLVING ELECTROMAGNETIC INTERACTIONS

I now turn to the treatment of electromagnetic interactions of few
body nuclel using amplitudes obtained from the equations discussed
above. Before I show some results, I want to emphasize that the rela-
tivistic impulse approximation (RIA)} shown in Fig. 5 above and Fig. 12
can be further decomposed into time ordered pieces which include the
usual impulse approximation, Fig. 12, plus two zigzag diagrams often
referred to as pair contributions, Fig. 12b.

ko b

RIA . IA (a) Pair (b)

FIGURE 12
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must be exercised in comparing relativistic calculations with non-
ivistic ones; in the former the pair terms are included in the RIA;

r latter they are added to other diagrams and considered to be
exchange contribulions LR

fhe classic example of the importance of MEC is the radiative neu-
capture cross section {the Lime reversed threshold photodisinte-

'ﬂ-“

TEUTERIUM
ELECTRODISIMTE GRATION

FIGURE 13

gration process32} and the electro-
disintegration of the deuteron to
an np rina)l state very near thres-
hold33). Recent data on the latter
process is shown in Fig. 13, from
Ref. 34. The curve labeled IA is
the non-relativistic impulse ap-
proximation and has a minimum at
@2 = 12 fo-2 due to destructive in-
terference between the deuteron S
and D state contributions. The
other curves show the effect of
MEC, which are dominant here. How-
ever, in both this case and radia-
tive peutron capture, the pair
terms are the dominant contribu-
tion to the non-relativistic MEC,
and in this sense these processes
are also evidence for the impor-
tance of relatlivistic corrections.
The argument 1s not conclusive,
however, because the pair terms
can be reduced by employing a vy
coupling for the pion, which trans-

. the pair terms into a YWNN contact term, which must be regarded

MEC.

telativistic corrections have been most extensively studied in
.ic—deuteron scattering. Corrections to the magnetic moment,
'-""58}" moment, and deuteron charge radius have been calcgla-

i and it was found many years ago that the corrections at low
Atum transfer are helpful in bringing the measured slope of the

“on charge t‘gﬂ factor at

= 0 into line with electron-deuteron

-ering data.

The behavior of the form factors at hi;;:::’g?nentm transfer 02 has
_Yecently studied using the BS formall , and the Gy formal-

!

The principal results of these two calculations are shown in

14 (from Ref. 38) and Fig. 15 (from Ref. 36), which both show the
v of the relativistic calculation of the electric A structure

_ion to the non-relativist calculation for identical wave func-

;. Note that both the horizontal and vertical scale are quite
:rent; the dotted boxes shown In each figure cover the same region.
that these two calculatiens are in rough agreement, and show that

-elativistic effects make the form factors smaller at high @2 than
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non-relativistic calculations, further widening the discrepancy between
theory and experiment. 15 er, results from the LF formalisa by
Frankfurt and Striclman show the opposite effect. Grach and Kondra-
tyuk39) also use the LF formalism, and are able to produce effects si-
milar to Ref. (38,36) or (12} depending on which nucleon form factors
they use. Still another approach has been taken by Troitski and Trub-

nikov40)

Recent measurements of the magnetic structure function, B, from
Saclay out to momentum transfers of 1 {GeV/c)2 show the same trends;
the RIA calculations fall considerably below the data .

It is clear that measurements of the neutron charge form factor,

, and better measurements of at high 02 are essential before the
data on the duteron form factor can be fully exploited. If the dis-
crepancies remain, then we have evidence for large I = 0 meson exchange
currents (which could be due to the pwy interaction, or to two meson
exchange tems)_og for 6 quark components in the deuteron wave function.
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